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Among the Cerium ompounds, the heavier monohalogenides CeY (Y=S,Se,Te) of
erium provide a lass of ompounds whih together with the heavier monopnitides CeX
(X=N,P,As,Sb,Bi) exhibit extremely interesting physial properties. The hybridization of the
partially deloalized f-eletrons seems to be responsible for the unusual properties, in partiular
the magneti ones whih show great hemial sensitivity. As ompared to the monopnitides,
the monohalogenides have an additional anion p-eletron whih shifts the Fermi energy
into the p-region of the Cerium 5d-derived density of states, and whih should aet the
hybridization funtion of the eletrons in the ondution band. In this ontribution we analyze
the 4f-hybridization funtion and the rystal-eld splittings of the ompounds under study.
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orrelated systems, 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CeY and CeX ompounds with Y= S, Se, Te and X= P, As, Sb, Bi are suitable
systems to extend the knowledge on the relationship between eletroni struture and
the physial properties of highly orrelated Ce ompounds, beause they have a simple
NaCl rystal struture. In this systems Ce ions are in a trivalent state with one 4f
eletron. Due to the ubi rystal elds, the J = 5/2 sixfold degenerate magneti
ground state splits into the Γ8 exited quartet state and the Γ7 ground state doublet[1].
CeS, CeSe and CeTe exhibit antiferromagneti transitions at TN = 8.4 K, 5.4 K, and
2.2 K, respetively while the CeX ompounds have antiferromagneti transitions at
TN = 7.1K, 7.2 K and 18 K respetively [2]. There is a small redution of the rystal-
eld splittings on going from CeX series to CeY series. The splitting energies between
the two J5/2 states are onsiderably redued for the heavier ompounds CeTe, CeSb,
CeBi [3]. These ompounds were studied by N. Kioussis et al [4] by doing rst-priniple
alulations based on the self-onsistent, warped-mun-tin LMTO method, in whih
only the spherial part of the potential is onsidered and the 4f state is treated as a ore-
like one. These authors an explain the experimetal rystal-eld splittings alulating
the hybridization indued splittings on top of the extrapolated point-harge levels [5].
In this ontribution, we study by an alternative method, the derease of the
rystal-eld splittings on going from CeX to CeY series and the inuene of having an
extra p-eletron in CeY series as ompared to CeX one. We alulate these splittings
using an ab initio-many body ombined tehnique. Within the ab initio frame the 4f
state belongs to the valene band and the hybridization funtion is obtained from the 4f-
projeted density of states (DOS) following ref. [6]. We use the all-eletron full-potential
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linearized augmented plane wave (FP-LAPW) method as implemented in the Wien-2k
ode [7] and the loal density approximation (LDA) for the exhange and orrelation
potential. The alulations are perfomed for the systems at their experimental values.
The mun-tin radii, Rmt are taken equal to 2.4 a.u. for Ce in all the ompounds, and
the orresponding radii for the anion ligand varies from 1.6 a.u. to 2.8 a.u. depending
on the atomi radius. 102 k points are onsidered in the irreduible Brillouin zone.
Due to the extra p-eletron of the Y-anion in the monohalogenides, the hy-
bridization funtion shows that below the Fermi energy (EF ), the Γ8 symmetry is more
strongly hybridized in CeY than in CeX, as it an be drawn from the omparison of
Fig. 1 and Fig. 2. Two thirds of the additional eletron in CeY go into the inster-
stitial region and ontributes to the enlarged Γ8. The ab initio obtained hybridization
funtions are taken as inputs to alulate the rystal-eld splittings within NCA (non
rossing approximation) for the innite-U Anderson model [8]. While in the LDA al-
ulation the 4f state is a valene state, in the NCA-equations, the bare value of the
4f state is taken from experimental photoemission experiments. These values are -3
eV for CeX, -2.6 eV for CeTe and -2.4 eV for CeS and CeSe with respet to the Fermi
level [3]. Within NCA the self energies and the Green's funtions are self-onsistently
obtained by onsidering the spetrum up to 6500 K above the Fermi level for the more
deloalized systems (Y=S,Se, X=P,As) and up to 5000 K for the more loalized ones
(Y=Te, X=Sb). The riterion for hoosing the onsidered energy range was disused
in another ontribution to this onferene [9]. The energy spetrum around the Fermi
energy plays an important role in the determination of physial properties suh as the
3
rystal-eld splittings. We obtain the Γ7 state as the ground state for both series of Ce
ompounds. The values of the alulated rystal eld splittings, ∆CF = E(Γ8)−E(Γ7)
, are in very good agreement with the experimental ones, as shown in table 1. The
rystal-eld splittings are of the same order of magnitude in CeY and in CeX, in fat
∆CF (CeY)'s are slightly smaller than ∆CF (CeX)'s both in our results and the experi-
mental data. However, looking at the hybridization funtions of the Γ7 and Γ8 states
and omparing them with the partial p and 5d densities of states shown in the insets
of Fig. 1 and Fig. 2, one would expet at rst sight a larger splitting for CeY than for
CeX due to the muh larger Γ8 hybridization values below EF for the rst series than
for the seond one. From the omparison of the partial densities of states it is lear
that below EF , Γ8 hybridizes essentialy with the p -states of the X and Y anions, while
Γ7 with the 5d -states. Our results indiate that for these Ce ompounds, the ∆CF 's
values are determined mainly by the hybridization harater near the Fermi level. The
extra eletron of the CeY ompounds does not hange the symmetry of the ground and
exited states preserving the order of magnitude of the ∆CF 's when going from CeX
and CeY. The slight dierenes in the rystal-eld splittings of CeX with respet to
those of CeY ould be understood by the fat that the Fermi level falls in a maximum
of the 5d -DOS in all the CeX ompounds and in a valley of the 5d -DOS in all the CeY
ases. Consequently, the ∆CF 's are redued in CeY as ompared to CeX.
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Y ∆expCF ∆
NCA
CF X ∆
exp
CF ∆
NCA
CF
S 140 150 P 172 160
Se 116 120 As 159 150
Te 32 50 Sb 37 70
Table 1: Crystal-eld splittings ∆CF of CeX and CeY systems. Experimental and
alulated results are given in Kelvin. See Referene [3℄ for experimental data.
0.2 0.3 0.4 0.5 0.6 0.7 0.8
E(Ry)
0
20
40
60
H
yb
(m
Ry
)
E   =0.72Ry
CeS
Γ
Γ
7
8
F
0.3 0.4 0.5 0.6 0.7
DOS 5d -Ce
p-S
Figure 1: Calulated hybridization funtions for CeS: Γ7 symmetry (solid urve) and
Γ8 symmetry (dotted urve). Inset: 5d−DOS for Ce (solid urve) and p−DOS for the
anion S (dotted urve).
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Figure 2: Calulated hybridization funtions for CeP: Γ7 symmetry (solid urve) and
Γ8 symmetry (dotted urve). Inset: 5d−DOS for Ce (solid urve) and p−DOS for the
anion P (dotted urve).
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